Introduction
============

Through binding to free glycans or glycoconjugates, animal cell surface lectins are involved in a wide range of biological processes.[@cit1] It is known that most animal lectins, including selectins, siglecs (sialic acid-binding immunoglobulin-type lectins), mannose receptors, mannose-6-phosphate receptors, asialoglycoprotein receptors and C-type lectins act as signal transducers after binding to glycans, although intracellular signaling events induced by lectins depend on the nature of glycans, cell type and/or species.[@cit2] In particular, cell-surface lectins in the immune system bind to glycans displayed on the exterior of pathogens and this recognition event stimulates an immune response.[@cit3] For example, mouse SIGN-R1 (SIGN-related 1), a homolog of human DC-SIGN (dendritic cell-specific ICAM-3-grabbing nonintegrin), is highly expressed on macrophages in the splenic marginal zone and the medullar lymph nodes.[@cit4] This lectin binds predominantly to mannose-rich or fucosylated glycans in a Ca^2+^-dependent manner.[@cit5] Once glycans on bacterial cells or viruses interact with SIGN-R1, glycan antigens elicit SIGN-R1 mediated cellular responses.

One important area in glycoscience concerns studies aimed at the identification of functional glycans as ligands for lectins on the cell surface. For these efforts, analytical methods to study structure--function relationships of various glycans rapidly and on a large scale are in high demand. Since 2002, carbohydrate microarrays have proven their outstanding performance for the rapid analysis of glycan-mediated binding events.[@cit6]--[@cit8] In addition, this microarray technology has been also demonstrated to be useful for the rapid assessment of acceptor specificities of glycosyltransferases and for measurements of binding affinities of glycans to proteins.[@cit9] In relation to cell interactions, glycan microarrays have been employed to evaluate the binding of bacteria, viruses and mammalian cells to glycans.[@cit9b],[@cit10]

One potentially important application of carbohydrate microarrays is the rapid screening of glycans which stimulate cellular responses through interaction with cell-surface lectins. Although carbohydrate microarrays have been employed for studies of cell--glycan interactions,[@cit9b],[@cit10] microarray technology has seldom been used for the above described purpose.[@cit11] Recently, glycan arrays constructed by manually printing three heparin oligomers (0.5 μL) were applied for the identification of functional glycans which activated fibroblast growth factor signaling.[@cit11a] Herein we describe a carbohydrate microarray-based approach for rapidly screening functional glycans which promote SIGN-R1-associated cellular responses. The efforts exploring this protocol were stimulated by the observation that the binding of glycan ligands to cell-surface SIGN-R1 triggers a cellular response that leads to the production of reactive oxygen species (ROS).[@cit12] In this investigation, we used a microarray assay and a ROS-sensitive fluorescent probe to identify glycans which induce ROS generation ([Fig. 1](#fig1){ref-type="fig"}). Cells which adhered to glycans on the microarrays generated ROS, whose levels were reduced in the presence of a ROS scavenger or a NADPH oxidase inhibitor. The findings suggest that carbohydrate microarrays can be employed to simultaneously screen glycans that elicit a cellular response by binding to the cell-surface lectins.

![A carbohydrate microarray based approach for the screening of functional glycans which stimulate ROS production by binding to the cell-surface lectin. Unmodified glycans are immobilized on the hydrazide-coated glass slide to construct carbohydrate microarrays. Lectin expressing cells pretreated with a ROS probe are applied to the carbohydrate microarrays. The fluorescence intensity of each spot is measured by using a microscopy and/or a microarray scanner.](c5sc03789a-f1){#fig1}

Results and discussion
======================

To date a number of immobilization methods of glycans on the solid surface have been developed to prepare carbohydrate microarrays.[@cit7b] Most immobilization techniques include the attachment of modified glycans on a properly derivatized surface. However, the synthesis of modified glycans containing functional group appendages, which are required for immobilization, is time-consuming and sometimes difficult. To avoid this task, we previously developed a facile immobilization protocol which relied on the attachment of unmodified glycans to a hydrazide-coated glass slide.[@cit13] In this method, mono-, di-, oligo- and polysaccharides can be site-specifically and covalently attached to the solid surface. Thus, we used this method to prepare the glycan microarrays employed in the present study.

Carbohydrate microarrays were constructed by printing thirty unmodified glycans (2.6 nL, mono (**1--7**), di (**8--11**), oligo (**12--15**, **18**) and polysaccharides (**16** and **17**, **19--30**)) and a high-mannose glycan containing invertase (**31**) ([Table 1](#tab1){ref-type="table"} and Fig. S1[†](#fn1){ref-type="fn"}) on a hydrazide-coated glass slide by using an automatic pin-type microarrayer (spot size: *ca.* 200 μm in diameter).[@cit13] To initially test the successful attachment of glycans on the surface, glycan microarrays were probed with several Cy3-labeled lectins, including *A. aurantia* (AA), wheat germ agglutinin (WGA), *R. communis* agglutinin I (RCA~120~) and Concanavalin A (ConA). The results of the microarray data analysis show that the glycan binding properties of lectins match those observed in previous studies (Fig. S2[†](#fn1){ref-type="fn"}).[@cit13] This finding indicates that carbohydrate probes become attached to the hydrazide-modified glass slide.

###### Glycans used for construction of carbohydrate microarrays (structures of the glycans are shown in Fig. S1)

  No       Glycan                               No       Glycan                   No       Glycan
  -------- ------------------------------------ -------- ------------------------ -------- -------------------------------------
  **1**    Man                                  **2**    ManNAc                   **3**    6-P-Man
  **4**    GlcNAc                               **5**    Fuc                      **6**    Gal
  **7**    GalNAc                               **8**    Manα1,2Man               **9**    Manα1,4Man
  **10**   GlcNAcβ1,4GlcNAc                     **11**   Galβ1,4Glc               **12**   Le^a^
  **13**   Le^b^                                **14**   Le^x^                    **15**   Le^y^
  **16**   Mannan (*S. cerevisiae*)             **17**   Mannan (*C. albicans*)   **18**   Mannan oligosaccharide (ivory nuts)
  **19**   Mannan polysaccharide (ivory nuts)   **20**   Glucomannan (*konjac*)   **21**   Galactomannan (guar)
  **22**   500 kDa dextran                      **23**   2000 kDa dextran         **24**   Heparin
  **25**   Fucoidan                             **26**   Hyaluronic acid          **27**   Colominic acid
  **28**   Chondroitin sulfate A                **29**   Dermatan sulfate         **30**   Chondroitin sulfate C
  **31**   Invertase (*S. cerevisiae*)          **32**   Buffer                            

Studies were then conducted to determine if the glycans on the microarrays are recognized by cells expressing the lectin. To this end, DCEK cells expressing SIGN-R1 on the surface (DCEK-SIGN-R1 cells, Fig. S3[†](#fn1){ref-type="fn"}) were grown under adherent culture conditions[@cit16] and then detached from the culture dish by treatment with a mixture of EDTA and trypsin. After centrifugation and washing to remove the remaining EDTA and trypsin, cells in culture media were applied to glycan microarrays washed with 70% ethanol for sterilization. Microscopy image analysis of microarrays incubated for 1 h at 37 °C reveals that the cells do not adhere to glycans immobilized on the surface.

We assumed that this phenomenon might be a consequence of cell-surface lectin damage caused by trypsin. Thus, in order to avoid the use of trypsin during the cell harvesting process, DCEK-SIGN-R1 cells were cultured in an uncoated plastic dish under non-adherent conditions. The cell aggregates in the suspension culture were then disassembled by cell shearing with pipetting. After centrifugation, various densities of cells (10^5^ to 5 × 10^7^ cells per mL) were applied to carbohydrate microarrays washed with 70% ethanol, which were then incubated for 1 h at 37 °C. Notably, cells cultured under the non-adherent conditions recognize glycans on the microarrays in a cell density-dependent manner (Fig. S4[†](#fn1){ref-type="fn"}). A cell density of 10^7^ cells per mL was found to be appropriate for generating reproducible and reliable microarray data. Specifically, DCEK-SIGN-R1 cells reproducibly adhere to α-mannose containing glycans including **1**, mannobiose (**8**, **9**), a high-mannose conjugated invertase (**31**), *S. cerevisiae* mannan (**16**) and *C. albicans* mannan (**17**).[@cit14] Also, these cells bind to terminal fucose (**5**, **12--15**)[@cit5] and GlcNAc bearing glycans (**4**, **10**).[@cit15] However, DCEK-SIGN-R1 cells do not recognize β-mannose bearing glycans (**18--21**) and *N*-acetylated (**2**) and 6-phosphorylated mannose (**3**), a phenomenon which is consistent with previous results.[@cit14] The invertase containing a high-mannose glycan and *C. albicans* mannan among glycans tested were found to reproducibly bind to DCEK-SIGN-R1 cells with the strongest affinity.

To determine if the nonselective adhesion of DCEK-SIGN-R1 cells to glycans occurs, competition experiments using *S. cerevisiae* mannan, a tight binding ligand of SIGN-R1,[@cit16] were performed. We observed that the binding ability of DCEK-SIGN-R1 cells, which were pre-incubated with mannan, to glycans on carbohydrate microarrays was markedly attenuated in a mannan concentration dependent manner ([Fig. 2A](#fig2){ref-type="fig"}). SIGN-R1 is known to recognize glycans in a Ca^2+^-dependent fashion.[@cit5] To examine the effect of calcium ions on the binding of SIGN-R1 to glycans, DCEK-SIGN-R1 cells were pretreated with EDTA, a calcium ion chelator, and then applied to carbohydrate microarrays. The results show that the cells do not adhere to glycans on the microarrays ([Fig. 2B](#fig2){ref-type="fig"}). Moreover, glycans on microarrays are not recognized by DCEK cells that lack SIGN-R1 (Fig. S3[†](#fn1){ref-type="fn"} and [2C](#fig2){ref-type="fig"}). To further explore the binding properties of SIGN-R1 displayed on the cell surface, the carbohydrate microarrays were probed with a Cy3-labeled SIGN-R1 lectin. Microarray data analysis shows that the free lectin binds to glycans that are recognized by DCEK-SIGN-R1 cells ([Fig. 3](#fig3){ref-type="fig"}).

![DCEK-SIGN-R1 cells (10^7^ cells per mL) cultured under non-adherent conditions were applied to carbohydrate microarrays in the presence of (A) various concentrations of *S. cerevisiae* mannan and (B) 1 mM EDTA and then incubated for 1 h. After washing, images were obtained using microscopy (distance between centers of adjacent spots: 350 μm). (C) Wild-type DCEK cells lacking SIGN-R1 (10^7^ cells per mL) were applied to carbohydrate microarrays and then incubated for 1 h. After washing, images were obtained using microscopy.](c5sc03789a-f2){#fig2}

![(Left) Fluorescence images of carbohydrate microarrays after probing with Cy3-SIGN-R1 lectin for 1 h and (right) quantitative analysis of the fluorescence intensity (arbitrary units) of carbohydrate microarrays (error bar: mean ± s.d., *n* = 3). The distance between centers of adjacent spots is 350 μm.](c5sc03789a-f3){#fig3}

In the next step, we tested the practicability of glycan microarrays for screening functional glycans which stimulate the SIGN-R1 associated cellular response. It is known that glycan binding to SIGN-R1 on the cell surface triggers cellular signaling and induces ROS production.[@cit12] Thus, the cellular response to glycans is directly associated with glycan binding to cell-surface SIGN-R1. In the screening system, the differential response of cells to different glycans was quantitatively determined by using the boronate-based fluorescent H~2~O~2~ probe PF1, which is more selective and sensitive than the widely used DCFH-DA (2′,7′-dichlorofluorescin diacetate).[@cit16],[@cit17]

DCEK-SIGN-R1 cells cultured under non-adherent conditions were incubated with a mixture of PF1 and Hoechst 33342 (a nucleus staining dye) for 1 h and then applied to carbohydrate microarrays. After incubation for 1 h, the bound cells were analyzed by using a microscope and/or a microarray scanner. The results reveal that cells bound to glycans on the microarrays produce ROS, as inferred from the appearance of the PF1 derived fluorescence ([Fig. 4A](#fig4){ref-type="fig"} and S5[†](#fn1){ref-type="fn"}). Specifically, ROS are generated in cells bound to α-mannose, fucose and GlcNAc containing glycans. The binding tendency of free SIGN-R1 to glycans ([Fig. 3](#fig3){ref-type="fig"}) is relatively well correlated with the level of ROS produced in cells after adherence to glycans. Importantly, ROS produced in even small numbers of cells (less than 50 cells) after their binding to glycans immobilized on the surface could be detected. We also examined whether cells bound to glycans on the microarrays are alive or dead. In this study, microarrays containing 132 spots of mannan were incubated with cells treated with propidium iodide (PI), which is normally employed to detect dead cells. As shown in [Fig. 4B](#fig4){ref-type="fig"}, cells binding to immobilized glycans were seldom stained by PI, indicating that the bound cells are alive. The results of the immobilization concentration-dependent study show that as immobilization concentrations of glycans increase, more cells bind to the glycans to generate ROS (Fig. S6[†](#fn1){ref-type="fn"}).

![Screening of glycans which promote SIGN-R1 mediated ROS production by using carbohydrate microarrays. (A) DCEK-SIGN-R1 cells (10^7^ cells per mL) cultured under non-adherent conditions were incubated with 1 μM Hoechst 33342 and 50 μM PF1 in culture media for 1 h and then applied to carbohydrate microarrays. After incubation for 1 h, the bound cells were analyzed by using a microscopy and/or a microarray scanner (distance between centers of adjacent spots: 350 μm). Graph shows quantitative analysis of fluorescence intensity (arbitrary units) of PF1 in (A) (error bar: mean ± s.d., *n* = 3). (B) DCEK-SIGN-R1 cells (10^7^ cells per mL) incubated with 1 μM Hoechst 33342, 50 μM PF1 and 10 μM propidium iodide in culture media for 1 h were applied to carbohydrate microarrays containing 132 spots of *S. cerevisiae* mannan. The bound cells were analyzed by using a microscopy and/or a microarray scanner (distance between centers of adjacent spots: 350 μm).](c5sc03789a-f4){#fig4}

Next, we tested if PF1 derived fluorescence signals result from the response of PF1 to ROS produced in cells. For this purpose, the effect of a ROS scavenger or an NADPH oxidase inhibitor, which destroys ROS or suppresses ROS production, on PF1 fluorescence was investigated. DCEK-SIGN-R1 cells were incubated for 1 h with a mixture of Hoechst 33342 and PF1 in the absence or presence of apocynin (an inhibitor of NADPH oxidase that produces superoxide anion radicals), *N*-acetylcysteine (a ROS scavenger) or sodium pyruvate (a ROS scavenger),[@cit18] and then applied to carbohydrate microarrays. Analysis of microarray data after 1 h incubation shows that when either an ROS scavenger or a NADPH oxidase inhibitor is present, the fluorescence intensities of PF1 in cells bound to glycans are significantly reduced but the ability of cells to bind glycans is not significantly affected ([Fig. 5](#fig5){ref-type="fig"}). Collectively, the results indicate that the binding of cell-surface SIGN-R1 to glycans on the microarrays promotes ROS generation by eliciting the lectin-associated cellular response.

![Effect of an antioxidant or a NADPH inhibitor on ROS generation induced by the binding of DCEK-SIGN-R1 cells to carbohydrate microarrays. (A) DCEK-SIGN-R1 cells (10^7^ cells per mL) incubated with 1 μM Hoechst 33342 and 50 μM PF1 for 1 h in culture media in the absence or presence of 2 mM apocynin, 30 mM *N*-acetylcysteine or 10 mM sodium pyruvate were applied to the carbohydrate microarrays (distance between centers of adjacent spots: 350 μm). After incubation for 1 h, the bound cells were imaged by using a microscopy and/or a microarray scanner. (B) Quantitative analysis of fluorescence intensity (arbitrary units) of PF1 in (A) (error bar: mean ± s.d., *n* = 3).](c5sc03789a-f5){#fig5}

To gain confirmatory evidence supporting the results obtained from the microarray experiments, we conducted a traditional cell assay to probe six glycan--bovine serum albumin (BSA) conjugates (BSA--Man, BSA--Fuc, BSA--GlcNAc, BSA--Gal, BSA--Manα1,2Man and BSA--Le^x^) and *S. cerevisiae* mannan for their abilities to stimulate ROS generation. The multivalent BSA--glycan conjugates used in these experiments were prepared by reacting lysine amine groups of BSA with squarate-activated glycans, which were obtained from reactions of dibutyl squarate with aminoethylated α-Man, α-Fuc, β-GlcNAc, β-Gal, α-Manα1,2Man and β-Le^x^ ([Fig. 6](#fig6){ref-type="fig"}).[@cit9a],[@cit19] MS analysis of BSA--glycan conjugates shows that 8--10 glycans are linked to one BSA molecule (see ESI[†](#fn1){ref-type="fn"}).

![Preparation of BSA--glycan conjugates.](c5sc03789a-f6){#fig6}

DCEK-SIGN-R1 cells in culture media were incubated with various concentrations (0--100 μg mL^--1^) of mannan or a BSA--glycan conjugate for 3 h. Observations made in time and concentration dependent studies indicate that 50 μg mL^--1^ of BSA--glycan conjugates and 1--2 h incubation time are sufficient for ROS production in treated cells (Fig. S7 and S8[†](#fn1){ref-type="fn"}). However, the addition of unconjugated BSA (0--200 μg mL^--1^) does not induce ROS generation in cells (Fig. S9[†](#fn1){ref-type="fn"}). Next, DCEK-SIGN-R1 cells were separately incubated with six different BSA--glycan conjugates (50 μg mL^--1^) and *S. cerevisiae* mannan (50 μg mL^--1^). The results show that incubation with mannan and all of the glycoconjugates except BSA--Gal leads to increases in the intensities of fluorescence signals from cells compared to the untreated control ([Fig. 7](#fig7){ref-type="fig"}). However, when *N*-acetylcysteine was added to the cells 1 h prior to stimulation with BSA--glycan conjugates or mannan, ROS production was markedly attenuated (Fig. S10[†](#fn1){ref-type="fn"}). The pattern of ROS production inside cells after treatment with BSA--glycan conjugates is similar to that in cells after binding to glycans on the microarrays. It is worth mentioning that because the glycans are attached to the glass surface on the microarrays and BSA *via* the different linkage (N-linkage *vs.* O-linkage) and glycans are conjugated to BSA with slightly different conjugation ratios (8 to 10), the pattern of ROS production in carbohydrate microarrays and traditional cell assays is similar but not the same.

![DCEK-SIGN-R1 cells pretreated with 50 μM PF1 were incubated with 50 μg mL^--1^ of each glycoconjugate or *S. cerevisiae* mannan for 2 h. Untreated cells were used as a negative control. After washing, images were obtained by using a confocal microscope. The nucleus of cells was stained with 1 μM Hoechst 33342 (scale bar: 10 μm). Graph shows quantitative fluorescence intensity (arbitrary units) of PF1 in treated cells (error bar: mean ± s.d., *n* = 3).](c5sc03789a-f7){#fig7}

Because glycan binding to SIGN-R1 stimulates cellular signaling, the effect of BSA--glycan conjugates on signaling was finally evaluated. DCEK-SIGN-R1 cells were separately treated with six conjugates (50 μg mL^--1^, BSA--Man, BSA--Fuc, BSA--GlcNAc, BSA--Gal, BSA--Manα1,2Man and BSA--Le^x^) and *S. cerevisiae* mannan (10 μg mL^--1^). The expression level of a phosphorylated form of p38 MAPK was then determined by using western blot analysis. The results show that treatment with mannan and all of the glycoconjugates except for BSA--Gal leads to significantly increased levels of phosphorylated p38 MAPK in cells compared to that of the untreated control ([Fig. 8](#fig8){ref-type="fig"}). These results suggest that binding of cell-surface SIGN-R1 to glycans induces ROS generation, thereby activating p38 MAPK signaling.[@cit20]

![Binding of glycans to DCEK-SIGN-R1 cells promotes phosphorylation of p38 MAPK. DCEK-SIGN-R1 cells were separately incubated with BSA--glycan conjugates (50 μg mL^--1^) and mannan (10 μg mL^--1^). An expression level of a phosphorylated form of p38 MAPK was measured by using western blot analysis.](c5sc03789a-f8){#fig8}

Conclusion
==========

Carbohydrate microarrays have been applied for the rapid evaluation of glycan--protein interactions, the quantitative determination of binding of glycans to proteins, identification of disease-related anti-glycan antibodies for diagnosis, the rapid analysis of acceptor specificities of glycosyltransferases and detection of mammalian cells and pathogens. Although glycan arrays with low density spotting of a few glycan samples were used to evaluate live cell responses,[@cit11a] glycan microarrays with high density spotting of various glycan samples have rarely been employed for this purpose. In the effort described above we have demonstrated that carbohydrate microarrays with high density spotting of a number of glycans by using an automatic microarrayer can be employed for the rapid screening of functional glycans that enhance the cell-surface lectin-associated cellular response. Because most animal lectins function as signal transducers after binding to glycans,[@cit2] carbohydrate microarray technology can be used to identify glycans that stimulate the cell-surface lectin-mediated cellular response in a high-throughput manner. To the best of our knowledge, this is the first application of 'carbohydrate microarrays with the high density spotting of various glycan samples' to screen glycans whose binding to the cell-surface lectin promotes the cellular response. Observations made in this investigation show that the carbohydrate microarray based technology will be useful for the simultaneous screening of glycans in efforts aimed at the development of novel chemical probes for studies of functional glycomics.

Experimental section
====================

Preparation of hydrazide-derivatized glass slide
------------------------------------------------

Amine-coated glass slides (K-MAC, Korea) were kept in a staining jar containing a solution of poly(ethylene glycol)diglycidyl ether (3%, average Mn ∼ 526) in 10 mM NaHCO~3~ with gentle shaking for 1 h. After washing with water, the slides were immersed in a solution of 4,7,10-trioxa-1,13-tridecanediamine (3%) in 10 mM NaHCO~3~ with gentle shaking for 1 h. They were then washed with water and soaked in a solution of succinic anhydride (3%) in DMF with gentle shaking for 3 h. After washing with DMF, the slides were treated with a solution of diisopropyl carbodiimide (DIC, 3%) and *N*-hydroxysuccinimide (NHS, 3%) in DMF with gentle shaking for 3 h. They were then washed with DMF and immersed into a solution of hydrazine monohydrate (3%) in DMF with gentle shaking for 3 h. The slides were washed with water and dried by purging with argon gas. The derivatized slides can be stored at room temperature in a desiccator for several weeks.

Construction of carbohydrate microarrays
----------------------------------------

Unmodified glycans were dissolved in sodium phosphate buffer (pH 5.0) containing 30% glycerol. A solution of glycan (2.6 nL, 30 mM) and polysaccharides (2.6 nL, 0.5 mg mL^--1^) from a 384-well plate was printed in a predetermined place on a hydrazide coated glass slide with a distance of 350 μm between centers of adjacent spots by using an automatic pin-type microarrayer (MicroSys 5100 from Cartesian Technologies). After the completion of printing, the slide was placed in a humidity chamber at 50 °C for 12 h and then a compartmentalized plastic film, coated by adhesive on one side (thickness: 0.1--0.2 mm), was attached to the glass slide. The slide was washed with PBS containing 0.1% Tween 20 and a solution of 0.1% Tween 20 possessing 2.5% BSA was dropped in the block. After incubation for 0.5 h, the slide was washed with the same buffer without BSA.

Detection of carbohydrate--lectin interactions using carbohydrate microarrays
-----------------------------------------------------------------------------

Carbohydrate microarrays were probed with Cy3-labeled AA (2 μg mL^--1^), WGA (5 μg mL^--1^), RCA~120~ (50 μg mL^--1^), ConA (50 μg mL^--1^) and SIGN-R1 (5 μg mL^--1^) in 20 mM Tris--HCl (pH 7.4) containing 0.1% Tween 20, 150 mM NaCl, 2 mM MgCl~2~ and 2 mM CaCl~2~ for 1 h at room temperature. The unbound proteins were removed by washing with the same buffer and rinsing with water. After drying by purging with argon gas, the slide was scanned using an ArrayWoRx scanner (Applied Precision). Fluorescence intensity was analyzed using ImaGene 6.1 software (BioDiscovery).

Binding of cells cultured under adherent conditions to carbohydrate microarrays
-------------------------------------------------------------------------------

Wild-type DCEK and DCEK-SIGN-R1 cells in RPMI 1640 media supplemented with 10% fetal bovine serum (FBS), 50 units per mL penicillin and 50 μg mL^--1^ streptomycin were grown in 100 cm^2^ tissue culture dishes at 37 °C in a cell culture incubator (adherent culture conditions). After 48 h, the cells were detached from the dishes by treatment with EDTA--trypsin for 5 min. After centrifugation, the resulting pellet was washed with culture media twice and re-suspended in culture media. The cells (10^7^ cells per mL, the number of cells was counted by using a hemocytometer) in culture media were applied to carbohydrate microarrays washed with 70% ethanol for sterilization. After incubation for 1 h at 37 °C in a cell culture incubator, the carbohydrate microarrays were immersed into 10 mL culture media in 100 cm^2^ tissue culture dishes. The culture dishes were gently shaken by hand for 10 s and culture media containing unbound cells were discarded. This washing process was repeated three times to remove unbound cells. The carbohydrate microarrays were imaged using microscopy (Nikon Eclipse Ti-U). Cells did not bind to glycans on carbohydrate microarrays under these conditions.

Detection of ROS production in cells bound to glycans on carbohydrate microarray
--------------------------------------------------------------------------------

Wild-type DCEK and DCEK-SIGN-R1 cells were grown on uncoated plastic petri dishes in culture media (non-adherent culture conditions). Cell aggregates in suspension culture were disassembled by cell shearing with pipetting. After centrifugation, the cells (10^7^ cells per mL) were incubated with 50 μM PF1 and 1 μM Hoechst 33342 in culture media lacking phenol red for 1 h at 37 °C in a cell culture incubator. The treated cells were applied to carbohydrate microarrays washed with 70% ethanol and incubated for 1 h at 37 °C in a cell culture incubator. The carbohydrate microarrays were immersed into 10 mL culture media lacking phenol red in 100 cm^2^ tissue culture dishes. The culture dishes were gently shaken with hand for 10 s and culture media containing unbound cells were discarded. This washing process was repeated three times to remove unbound cells. The carbohydrate microarrays were imaged using microscopy (Nikon Eclipse Ti-U and LSM 700 META, Carl Zeiss) or an ArrayWoRx microarray scanner (Applied Precision). Excitation of PF1 loaded cells was carried out with a 488 nm laser, and emission was collected using a confocal FL detector between 495 and 581 nm. Excitation of Hoechst 33342 was carried out using a 405 nm laser and emission was collected between 452 and 537 nm. Image analysis was performed using ZEN 2011.

To test the effect of a ROS scavenger or an inhibitor of NADPH oxidase on ROS production on the carbohydrate microarrays, the cells (10^7^ cells per mL) cultured under non-adherent conditions were incubated with 50 μM PF1 and 1 μM Hoechst 33342 in the presence of 2 mM apocynin, 30 mM *N*-acetylcysteine or 10 mM sodium pyruvate in culture media lacking phenol red for 1 h at 37 °C in a cell culture incubator. After centrifugation and washing with culture media lacking phenol red, the treated cells were applied to carbohydrate microarrays washed with 70% ethanol and incubated for 1 h at 37 °C in a cell culture incubator. The slide was washed using the same procedure described above. The bound cells were imaged using microscopy.

Detection of ROS production by cells in culture dishes
------------------------------------------------------

DCEK-SIGN-R1 cells in culture media were seeded in a Lac-Tek glass chamber slide (Nunc). After 24 h, the cells were incubated with 50 μM PF1 and 1 μM Hoechst 33342 in culture media lacking phenol red for 1 h at 37 °C in a cell culture incubator. The treated cells were incubated with BSA--glycan conjugates and *S. cerevisiae* mannan at various concentrations (0--100 μg mL^--1^) for 2 h or during different time periods at 50 μg mL^--1^ BSA--glycan conjugates and *S. cerevisiae* mannan at 37 °C in a cell culture incubator. After washing the cells with PBS twice to remove the remaining PF1 and glycans, bright field and fluorescence images of cells were taken by using confocal microscopy.

To test the effect of a ROS scavenger on ROS production by cells in culture dishes, DCEK-SIGN-R1 cells were incubated with 50 μM PF1 and 1 μM Hoechst 33342 in the presence or absence of 30 mM *N*-acetylcysteine in culture media lacking phenol red for 1 h at 37 °C. The treated cells were incubated with 50 μg mL^--1^ BSA--glycan conjugates and *S. cerevisiae* mannan for 2 h. After washing the cells with PBS twice, they were imaged using confocal microscopy.
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